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A B S T R A C T
Aim: To test the hypothesis that changes in enamel component volumes (mineral, organic, and water
volumes, and permeability) are graded from outer to inner enamel after a short bleaching procedure.
Materials and methods: Extracted unerupted human third molars had half of their crowns bleached
(single bleaching session, 3  15 min), and tooth shade changes in bleached parts were analyzed with a
spectrophotometer. Ground sections were prepared, component volumes and permeability were
quantiﬁed at histological points located at varying distances from the enamel surface (n = 10
points/location), representing conditions before and after bleaching.
Results: Tooth shade changes were signiﬁcant (p < 0.001; 95% CI = 1/8; power = 99%), and most of the
enamel layer was unaffected after bleaching, except at the outer layers. Multiple analysis of covariances
revealed that most of the variance of the change in enamel composition after bleaching was explained by
the combination of the set of types of component volume (in decreasing order of relevance: mineral loss,
organic gain, water gain, and decrease in permeability) with the set of distances from the enamel surface
(graded from the enamel surface inward) (canonical R2 = 0.97; p < 0.0001; power > 99%).
Conclusions: Changes in enamel composition after a short bleaching procedure followed a gradient within
component volumes (mineral loss > organic gain > water gain > decrease in permeability) and decreased
from the enamel surface inward.
ã 2016 Elsevier Ltd. All rights reserved.
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Tooth bleaching of the crown can be described as the combined
increase in the lightness and reduction in yellowness of the tooth.
Most of the yellowness of the tooth crown comes from the
interaction of incident light with dentine after light interacts with
the enamel layer (ﬁrst inward and then outward) and then returns
to the eye of the observer (Ten Bosch & Coops, 1995). Reduced
translucency of enamel contribute to tooth lightness (Ten Bosch &
Coops, 1995), and it has been shown that part of the tooth
bleaching effect of bleaching agents is due to a reduction in the
translucency of enamel (Vieira, Arakaki, & Caneppele, 2008; Ma
et al., 2009, 2011). The reduced translucency of enamel decreases* Corresponding author at: Departamento de Morfologia, Centro de Ciências da
Saúde, Universidade Federal da Paraíba, Cidade Universitária, S/N, CEP 58051-900,
João Pessoa, Paraíba, Brazil. Fax: +55 83 3216 7094.
E-mail address: fredericosousa@hotmail.com (F.B.d. Sousa).
http://dx.doi.org/10.1016/j.archoralbio.2016.01.016
0003-9969/ã 2016 Elsevier Ltd. All rights reserved.the amount of light that reaches subjacent dentine, which, in turn,
reduces the amount of dentine color reﬂected to the human eye,
thus contributing to the lightening and reduction of yellowness of
the tooth crown. It has been recently reported that most of the
bleaching effect of bleaching agents in the color of the tooth crown
is resulted from alterations in the optical properties of enamel, not
in those of dentine (Ma et al., 2011). This observation puts enamel
in the center of the debate on the mechanism of tooth bleaching,
opening questions on which enamel component would undergo
more pronounced changes when a tooth crown is bleached. There
is evidence indicating that the reduced enamel translucency
caused by bleaching agents is due to the oxidation of the organic
matter, but not to any decrease in either organic or mineral
contents (Eimar et al., 2012).
Considering that the amount of organic matter in enamel is
much lower than that of dentine, it is not possible to explain the
higher contribution of enamel in tooth bleaching compared to
dentine’s contribution when only the oxidation of organic matter is
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abundant in enamel, plays a role in tooth bleaching. Some studies
reported demineralization of enamel associated with tooth
bleaching (Al-Salehi, Wood, & Hatton, 2007; Wiegand, Schreier,
& Attin, 2007; Cakir, Korkmaz, Firat, Oztas, & Gurgan, 2011;
Mondelli et al., 2015). This is consistent with the fact that hydrogen
peroxide, even at neutral pH, breaks down producing hydrogen
ions (Xu, Li, & Wang, 2011) that might cause demineralization in
enamel. It is important to note that increased pore volume in
enamel is accompanied by an increase in water volume, which, in
turn, has a refractive index (1.33) different from that of the enamel
mineral (1.62), thus contributing to increase light scattering (Van
Der Veen, Ando, Stookey, & De Joselin de Jong, 2002) and reduce
tooth yellowness. It must be emphasized that increased light
scattering of the tooth crown due to enamel demineralization does
not require that the entire thickness of the enamel layer is
demineralized. This is supported by the fact that the use of 37%
phosphoric acid for 30 s to etch normal human enamel results in an
opaque appearance (reduced yellowness) of enamel and the
associated mean depth of demineralized enamel is 7 mm (Hannig,
Bock, Bott, & Hoth-Hannig, 2002). The report of changes in the
optical properties of the whole enamel layer resulted from a long
application time (1–4 weeks; 8 h/day) of the bleaching agent, the
contributions of enamel and dentine to the bleaching effect were
analyzed separately, but it was not known if optical changes in
enamel after shorter application times would involve the entire
enamel layer or just part of it (Ma et al., 2011). The report of
changes in the oxidation of enamel organic matter also resulted
from long application time (4 days; 24 h/day), and the contribu-
tions of enamel and dentine to the bleaching effect were not
analyzed separately, so that it was known the proportion of enamel
layer that was affected by oxidation of the organic matter (Eimar
et al., 2012).
The transport of bleaching agents in enamel occurs by diffusion.
As the bleaching agent diffuses into enamel, the fastest diffusion
rate is expected to be along prisms sheaths (interprismatic enamel)
(Shellis & Dibdin, 2003), and the changes in enamel components
are expected to occur sequentially from outer to inner enamel. One
important research question is what changes in the amount of
enamel components occur as soon as the ﬁrst signs of tooth
bleaching are observed. In order to shed some light on this
problem, we tested the hypothesis that alterations in the volumes
of the main components of enamel (mineral, organic, and water
volumes) and permeability are graded from outer to inner enamel
after using a bleaching agent for a short application time that
results in clinically relevant tooth bleaching.
2. Materials and methods
2.1. Sample size calculation and samples
Considering a predicted effect size “r” of 0.75 (correlation
coefﬁcient between mineral loss versus distance from the enamel
surface), power of 80%, and two-tailed signiﬁcance level of 5%, the
calculated sample size was 10 per group (bleached and non-
bleached groups) (Cohen, 1988). Extracted unerupted sound
mature permanent third molars (n = 10) were collected. All teeth
were donated by volunteers who provided signed consent,
according to the protocol approved by the Ethical Committee on
Research in Humans of the Federal University of Pernambuco
(Protocol 348.061). The teeth were stored in 0.1% thymol solution,
cleaned with pumice paste to remove organic coatings, dried and
examined under the stereomicroscope (magniﬁcation of 20) in
order to exclude those with crack lines and opacities. All teeth were
sectioned longitudinally at the center of the buccal surfaces in
order to separate the halves into control (not submitted tobleaching; n = 10) and experimental (submitted to bleaching;
n = 10) groups.
2.2. Bleaching procedure
Prior to the bleaching procedure, all experimental halves of the
buccal surfaces were dried for 10 s and then had their tooth shades
assessed using the Easy shade spectrophotometer (Vita Zahnfabrik,
Bad Säckingen, Germany). Subsequently, the experimental halves
received three applications of 15 min of a self-activated bleaching
gel with 35% hydrogen peroxide and pH 6.5 (Whiteness HP Maxx,
FGM, Brazil), at room temperature (25 C), comprising only one
bleaching session. The bleached halves were then cleaned with
water/air spray and stored in distilled water. Seven days after the
bleaching procedure, the bleached halves were dried with
compressed air for 10 s and the tooth shade was assessed using
the same spectrophotometer described above. After the bleaching
procedure, the component volumes of dental enamel were
quantiﬁed in all paired samples at selected histological points
located at various distances from the enamel surface.
2.3. Quantiﬁcation of mineral volume
All tooth halves were cut transversally to the tooth axis at a
standardized distance from the enamel-cementum junction for
each pair of control and experimental halves obtained from the
same tooth. The cut slices were ground manually with the aid of a
lapping jig and silicon carbide paper, resulting in undemineralized
ground sections (100 mm thick). All sections were microradio-
graphed in high resolution X-ray ﬁlm plates (AGHD photoplates,
Microchrome, San Jose, California, USA) using a X-ray source with
Tungsten cathode (PCBA Inspector, General Electric, Germany), and
submitted to quantiﬁcation of mineral volume using the Angmar
formula, as described recently (Macena et al., 2014). Measure-
ments were based on a mineral density of 2.99 g cm3 (Elliott,
1997) and were performed at histological sites (area of 15 15 mm)
located at the following distances from the enamel surface: 20, 50,
100, 150, 200, 250, 300, 350, 400, 450, and 500 mm. Those points
were located at a transversal line traced from the enamel surface
inward, following the prism paths. For each pair of control and
experimental halves obtained from a same tooth, the regions with
the transversal lines presented the same thickness of the enamel
layer, and the transversal lines were up to 1.5 mm apart from each
other.
2.4. Quantiﬁcation of water and organic volumes
The total water and the organic volumes were quantiﬁed at the
same histological points where mineral volume was obtained.
Phase retardances under water immersion (24 h of immersion in
distilled water) were measured (mean of 5 measurements) in a
transmitted light polarizing microscope (Axioskop 40, Carl Zeiss,
Germany) equipped with a 0–5 orders Berek compensator and a
green interference ﬁlter (546 nm; bandwidth of 10 nm). Phase
retardance was divided by the sample thickness yielding the
observed birefringence that was interpreted using the mathemati-
cal approach of Sousa et al. (2006) as described in various previous
reports (Macena et al., 2014; Sousa, Vianna, & Santos-Magalhães,
2009; Barbosa de Sousa, Soares, & Vianna, 2013). The mineral
volume measured from microradiography was used in the
calculations. The water (a) and organic (b) volumes thus obtained
were used to compute the volume more easily available for
diffusion (ad) (Barbosa de Sousa et al., 2013):
ad ¼
a2
a þ b ð1Þ
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(Barbosa de Sousa et al., 2013). It will be referred as such hereafter.
The volumes of the enamel components were assumed to
represent those volumes before (control group) and after
(experimental group) the bleaching procedure.
2.5. Statistical analysis
Tooth shades measured before and after the bleaching
procedure were compared using the Wilcoxon paired test
(signiﬁcance level of 5%; two-tailed test), and the corresponding
95% conﬁdence interval, effect size (difference between medians
divided by 0.75 of the mean interquartile range) and statistical
power were calculated.
Data on component volumes that presented normal distribu-
tion (tested by Shapiro–Wilk test) and homogeneity of variances
(tested by Levene test) were compared using paired t test and a
signiﬁcance level of 5% (two-tailed test). Those that presented
either non-normality or heterogeneous variances were compared
using the Wilcoxon paired test. The 95% conﬁdence interval of the
raw mean difference, effect size (difference between mean values,
experimental minus control, divided by the average standard(A)
(C)
(E)
(G)
Fig. 1. Descriptive statistics (mean  SD) on the enamel component volumes of both the c
found before and after bleaching, respectively.deviation), and the statistical power (related to a signiﬁcance level
of 5%) were calculated for all cases.
The correlation between the statistical power of the paired
differences between control and experimental groups and the
distance from the enamel surface was tested using Pearson
correlation, and the 95% CI and power were calculated for
correlation coefﬁcient (effect size r) found.
We also used a multiple analysis of covariances (MANCOVA) to
test the hypothesis that change in enamel composition after a
short bleaching procedure is correlated with graded types of
component volume (ﬁrst set of independent variables, kX; kX = 4)
and graded distance from the enamel surface (second set of
independent variables, kA; kA = 13). For that, the difference
between control and experimental groups with regard to enamel
component volume at each distance from the enamel surface was
considered as the dependent variable (number of dependent
variables = 1; sample size of 130). Such a difference was obtained
for ten pairs of control and experimental samples at each distance
from enamel surface. The kX independent variables were ordered
as follows: mineral volume, organic volume, water volume, and
permeability. The kA independent variables were ordered from
the enamel surface inward. The ordering of independent variables
was chosen based on the effect size and statistical power derived(B)
(D)
(F)
(H)
ontrol (A–D) and experimental (E–H) groups, representing the values assumed to be
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volume at each distance from the enamel surface. The statistical
analysis described below followed procedures described else-
where (Cohen, 1988). We calculated the sum of squares of
differences between groups (SSB), the sum of squares of
differences within groups for each of the kX variable (SSWmineral,
SSWorganic, SSWwater, and SSWpermeability), and the total SSW. Each
SS consisted of a 13  13 matrix, and the determinant of eachTable 1
Results of pair-wised statistical analysis (p values, 95% CIs of the raw mean difference,
Distance from enamel surface (mm) p value 
Mineral volume
20 0.005a
40 0.005 
60 0.005 
80 0.004 
100 0.002 
150 0.008 
200 0.00024 
250 0.018 
300 0.021 
350 0.001 
400 0.008 
450 0.005 
500 0.017 
Water volume
20 0.006 
40 0.259 
60 0.248 
80 0.375 
100 0.267 
150 0.386 
200 0.092 
250 0.047 
300 0.080 
350 0.021 
400 0.080 
450 0.175 
500 0.056 
Organic volume
20 0.0003 
40 0.0020 
60 0.0040 
80 0.0120 
100 0.0060 
150 0.0480 
200 0.0533 
250 0.2697 
300 0.5163 
350 0.2516 
400 0.8303 
450 0.2951 
500 0.5750a
Permeability
20 0.050 
40 0.257 
60 0.404 
80 0.382 
100 0.552 
150 0.754 
200 0.747 
250 0.348 
300 0.322 
350 0.322 
400 0.241a
450 0.562 
500 0.443 
a Wilcoxon paired test.matrix was calculated. Wilk’s lambda was obtained from:
L ¼ detðSSWtotalÞ
detðSSWtotalÞ þ detðSSBÞ
ð2Þ
The canonical squared correlation coefﬁcient (R2, equivalent to
eta squared) was obtained from “1  L”. Using an alpha error of 5%,
the F score (and corresponding p value), and the statistical power
were obtained. effect size, and power) on enamel component volumes.
95% CI (lower; upper) Effect size Power
9.33; 4.57 2.816 0.999
3.54; 0.87 1.384 0.828
2.96; 0.69 1.518 0.892
2.40; 0.62 1.264 0.758
2.07; 0.65 1.282 0.770
1.53; 0.30 0.839 0.424
1.39; 0.61 0.946 0.512
1.68; 0.21 0.849 0.436
1.26; 0.14 0.743 0.348
1.51; 0.56 1.289 0.773
0.89; 0.18 0.677 0.298
0.88; 0.20 0.724 0.333
0.92; 0.12 0.658 0.284
0.39; 1.76 1.400 0.838
0.35; 1.15 0.503 0.186
0.31; 1.05 0.463 0.163
0.32; 0.78 0.33 0.103
0.24; 0.77 0.391 0.129
0.28; 0.66 0.302 0.093
0.07; 0.79 0.631 0.267
0.01; 0.99 0.699 0.315
0.07; 1.03 0.654 0.284
0.12; 1.12 0.906 0.484
0.07; 1.04 0.756 0.359
0.16; 0.78 0.643 0.274
0.01; 0.62 0.641 0.274
3.52; 8.24 2.513 0.999
0.89; 2.72 1.271 0.764
0.60; 2.31 1.506 0.886
0.36; 2.21 1.334 0.800
0.40; 1.79 1.319 0.790
0.01; 1.44 0.777 0.374
0.01; 1.29 0.671 0.294
0.41; 1.31 0.465 0.166
0.51; 0.95 0.259 0.079
0.35; 1.18 0.526 0.200
0.51; 0.62 0.081 0.037
0.26; 0.77 0.365 0.119
0.30; 0.71 0.227 0.070
1.50; 0.001 0.884 0.464
1.03; 0.31 0.408 0.137
0.91; 0.40 0.313 0.073
0.98; 0.41 0.387 0.127
0.73; 0.42 0.231 0.070
0.73; 0.55 0.130 0.046
0.49; 0.66 0.131 0.046
0.39; 0.99 0.383 0.125
0.39; 1.07 0.405 0.135
0.41; 1.12 0.425 0.158
0.29; 1.16 0.587 0.235
0.47; 0.81 0.285 0.086
0.30; 0.63 0.254 0.077
s with similar thickness. The outer enamel is more birefringent (more yellowish colors) in the
interpretation of the references to color in this ﬁgure legend, the reader is referred to the web
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Tooth shades measured before (median = 11; interquartile
range = 6.75; control group) and after (median = 3; IQR = 2.5;
experimental group) the bleaching procedure were statistically
signiﬁcantly different (p < 0.001, Wilcoxon test; 95% CI = 1/8;
power = 99%).
The descriptive statistics of the component volumes of the
control group, which represent the values assumed to be found
before bleaching, are shown in Fig. 1A–D. The ranges of the mean
values were: 91.65–92.58% for the mineral volume; 4.93–5.81% for
the water volume; 2.38–2.75% for the organic volume; and 3.23–
4.08% for the permeability. Those of the experimental group varied
more at the outermost sites (Fig. 1E–H). The mean values varied
depending on the distance from the enamel surface. For the ﬁrst
point (20 mm from the enamel surface), the mean values and
corresponding standard deviations were as follows. For mineral
volume, 92.27% (0.996%) (control) and 85.32% (3.94%)
(bleached), with an effect size of (85.32  92.27 =  6.95)/
[(0.996 + 3.94)/2 = 2.47] =  2.816. For organic volume, 2.46%
(0.94%) (control) and 8.34% (3.74%) (bleached), with an effect
size 2.513. For water volume, 5.27% (0.61%) (control) and 6.34%
(0.92%) (bleached), with an effect size of 1.40. And for
permeability, 3.644% (0.76%) (control) and 2.893% (0.94%)
(bleached), with an effect size of 0.884.
Results of pair-wised statistical analysis on the enamel
component volumes at each distance from the enamel surface
are shown in Table 1. Regarding the mineral volumes, although all
points showed statistically signiﬁcant lower values in the
experimental group, enough statistical power values (0.8) were
found only for those points located up to 60 mm from the enamel
surface, with the highest power value found at the outermost
point. The lower bound of the 95% CI was within the SD of the
values found in the control group at all distances from the enamel
surface, except the outermost point that showed the entire 95% CI
with mineral loss values outside the SD of the control group.
Similar results were obtained for the organic volume, which
showed p values < 0.05 up to 150 mm form the enamel surface, but
with power  0.8 only at three points located close to the enamel
surface.
The outermost point in enamel was the one where the water
volume was statistically higher in the experimental group and that
also presented enough power (0.838). Permeability showed only
one point with p values < 0.05 (the outermost point), but with low
power (0.464). In general, statistical power decreased from the
surface layer inward for all component volumes, and this was more
pronounced with the mineral and organic volumes. Typical PLM
images of a pair of control and experimental samples (with similar
Fig. 2. Typical PLM images of paired experimental (A) and control (B) sample
experimental sample, in consistence with the increase in organic matter. (For 
version of this article.)thickness) with the corresponding transversal lines are shown in
Fig. 2A,B, illustrating higher birefringence (more yellowish colors)
in the outer enamel of the experimental sample (compatible with
the incorporation of organic matter).
In order to test what component volume is more likely to
change at any given distance from the enamel surface, we tested
the linear correlations between the statistical power of the
mineral and organic volumes and the distance from the enamel
surface (Fig. 3A,B). Both correlations had high R2 values and
enough statistical power. (Sousa et al., 2009) From the respective
equations of linear relationships, for any given distance from the
enamel surface the probability of mineral loss is higher than the
probability of gain in organic content. For instance, at 100 mm from
the enamel surface, the power value for mineral loss is 0.74, while
that for gain in organic matter is 0.67. The canonical R2 from
MANCOVA was 0.97, F(4, 112) score was 977, p < 0.0001, and
statistical power > 99%, indicating that changes in enamel
composition after the bleaching procedure were highly correlated
with graded component volumes (mineral loss, organic gain, water
gain, and decrease in permeability) and graded distance from the
enamel surface. In other words, 97% of the variance of the
dependent variable (change in enamel composition) was
explained by the combined effect of the independent variables
(graded enamel components and graded distance from enamel
surface).
4. Discussion
Mineral volume in dental enamel decreases from the cusp to the
cervical border and from the surface to the enamel–dentine
junction (Macena et al., 2014; Theuns, Van Dijk, Jongebloed, &
Groeneveld, 1983), and the organic and water volumes reach up to
20% and 10%, respectively, in inner enamel (Macena et al., 2014).
Evidence from tri-dimensional mapping of enamel density
suggests that mineral content does not change at short distances
along the horizontal plane (transversal to the tooth axis) of outer
enamel on buccal and lingual tooth crown surfaces (Fearne,
Anderson, & Davis, 2004). On this basis, we selected two paired
groups of histological points that were located at the same distance
from the cervical border and at the same distances from the
enamel surface, but slightly separated (up to 1.5 mm) in the
horizontal plane of the buccal surface. The non-bleached (control)
and bleached (experimental) groups were assumed as represent-
ing enamel components before and after bleaching, respectively, at
the same location. Homogenous data on the component volumes
in our samples were found only in outer enamel (data not shown),
and this is why we included only outer enamel (outer 500 mm) in
our samples. This design aimed at reducing to negligible levels
Fig. 3. Linear correlations between statistical power and distance from enamel surface for mineral loss (ﬁlled circles) and gain in organic volume (open circles). Linear trends:
for mineral loss, power = 0.86303  0.00123  distance; for gain in organic volume, power = 0.87113  0.00198  distance.
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volumes.
The short application time of the bleaching agent produced
shade changes of at least 1 score (lower bound of the 95% CI),
which allow us to consider it as clinically relevant. The 95% CI
intervals are useful for determining the clinical relevance of the
changes promoted by the bleaching procedure, so that when the
lower bound is either very close to zero or has a value with an
opposite sign of that of the upper bound, the clinical relevance is
negligible. The effect size determines the strength of the outcome,
and values 0.8 are large (Cohen, 1988). The statistical power
determines the probability that the outcomes reﬂect a true effect
(Cohen, 1988; Button et al., 2013); and the correlations determine
what predictions can be made (Cohen, 1988). Generally, the effect
of the bleaching agent in the enamel component volumes was
negligible, except at the outermost micrometers of the enamel
layer. This indicates that changes in outer enamel are not
representative of the entire enamel layer. The combined results of
power analysis and MANCOVA make it possible to describe a
continuum of changes in enamel component volumes that start at
the enamel surface and proceed inward, conﬁrming our
hypothesis.
Demineralization was detected along the entire enamel layer
analyzed, but only the outermost points (up to 60 mm from the
enamel surface) presented enough power and 95% CI intervals
that did not include zero (no demineralization) or positive values
(mineral gain). Our results agree with previous reports that
applied the bleaching agent for longer but still relatively short
time intervals. (Parreiras, Vianna, Kossatz, Loguercio, & Reis,
2014) The short application time showed that the most likely
effect is demineralization, occurring sequentially from the
enamel surface inward, followed, sequentially, by an increase
in organic volume, increase in water volume, and eventually a
decrease in permeability. This is consistent with the small size of
acid molecules, which are expected to diffuse faster through
interprismatic pores (main pathways for the transport ofmaterials in enamel). In the following lines, we described a
possible explanation for the graded changes reported here. After
the pore is enlarged by demineralization, organic matter diffuses
into the recently created pore volume. The most probable source
of organic matter is the bleaching agent. The increase in organic
matter is consistent with previous studies indicating incorpo-
ration of organic matter into artiﬁcial carious enamel (Sousa et al.,
2009) (the demineralizing agent as the source of organic matter)
and bleached enamel (Lima et al., 2015) (the bleaching agent as
the source of organic matter). As demineralization and incorpo-
ration of organic matter further progress, there comes a point
where the new pore volume is not fully ﬁlled with organic matter,
then water volume increases. But the increase in organic matter is
higher than the increase in water volume. With time, permeabil-
ity is eventually decreased. The longer time required to decrease
enamel permeability is due to the fact that the increase in organic
matter [contributes to decrease enamel permeability; see Eq. (1)]
is accompanied by an increase in water volume (contributes to
increase enamel permeability). Our results are consistent with
recent reports showing that a relatively short bleaching proce-
dure (2 sessions, each with three 15 min applications) does not
change enamel permeability (Parreiras et al., 2014).
The lack of signiﬁcant changes in most of the enamel layer
indicates that enamel translucency was not affected, not support-
ing the report of a sharp decrease in enamel translucency reported
by Ma et al. (Ma et al., 2011) Possibly, the main reason is that Ma
et al. (Ma et al., 2011) applied a longer application time. Our study
did not analyze oxidation of organic matter, but one relevant
research question is whether the organic oxidation reported by
Eimar et al. (Eimar et al., 2012) is restricted to the enamel surface or
not. Further studies should investigate the effect of increasing
bleaching application time on tooth shade changes, graded
changes in enamel component volumes and organic oxidation
as a function of the distance from the enamel surface. This could
clarify the relative contribution of changes in dental enamel to
tooth bleaching.
58 A.F.M. Ferreira et al. / Archives of Oral Biology 65 (2016) 52–585. Conclusion
Changes in enamel composition after a short bleaching
procedure were signiﬁcant only at the outermost enamel layers,
followed a gradient within component volumes (mineral loss >
organic gain > water gain > permeability decrease) and decreased
from the enamel surface inward.
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